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ABSTRACT

BACKGROUND
Endovenous laser ablation and ultrasound-guided foam sclerotherapy are recom-
mended alternatives to surgery for the treatment of primary varicose veins, but their
long-term comparative effectiveness remains uncertain.

METHODS
In a randomized, controlled trial involving 798 participants with primary varicose
veins at 11 centers in the United Kingdom, we compared the outcomes of laser
ablation, foam sclerotherapy, and surgery. Primary outcomes at 5 years were dis-
ease-specific quality of life and generic quality of life, as well as cost-effectiveness
based on models of expected costs and quality-adjusted life-years (QALYs) gained
that used data on participants’ treatment costs and scores on the EuroQol EQ-5D
questionnaire.

RESULTS

Quality-of-life questionnaires were completed by 595 (75%) of the 798 trial partici-
pants. After adjustment for baseline scores and other covariates, scores on the Aber-
deen Varicose Vein Questionnaire (on which scores range from 0 to 100, with lower
scores indicating a better quality of life) were lower among patients who underwent
laser ablation or surgery than among those who underwent foam sclerotherapy (ef-
fect size [adjusted differences between groups] for laser ablation vs. foam sclero-
therapy, —2.86; 95% confidence interval [CI], —4.49 to —1.22; P<0.001; and for surgery
vs. foam sclerotherapy, —2.60; 95% CI, —3.99 to —1.22; P<0.001). Generic quality-of-
life measures did not differ among treatment groups. At a threshold willingness-to-
pay ratio of £20,000 ($28,433 in U.S. dollars) per QALY, 77.2% of the cost-effective-
ness model iterations favored laser ablation. In a two-way comparison between foam
sclerotherapy and surgery, 54.5% of the model iterations favored surgery.

CONCLUSIONS
In a randomized trial of treatments for varicose veins, disease-specific quality of life
5 years after treatment was better after laser ablation or surgery than after foam
sclerotherapy. The majority of the probabilistic cost-effectiveness model iterations
favored laser ablation at a willingness-to-pay ratio of £20,000 ($28,433) per QALY.
(Funded by the National Institute for Health Research; CLASS Current Controlled
Trials number, ISRCTN51995477.)
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INIMALLY INVASIVE TREATMENT OP-

tions such as endovenous laser ablation

therapy and ultrasound-guided foam
sclerotherapy are now recommended alternatives
to surgery for the treatment of varicose veins.!”
Medium-term follow-up studies suggest that laser
ablation, foam sclerotherapy, and surgery result in
equivalent recurrence rates and quality of life at
2 years and 3 years after treatment.!? At 5 years,
quality of life appears to be similar among those
who underwent laser ablation and those who
underwent surgery,'®"3"5 but limited comparative
data are available on persons who underwent
foam sclerotherapy.’® There is also a paucity of
data on clinical recurrence rates, which has led
to uncertainty regarding the cost-effectiveness of
these treatments.

We performed the Comparison of Laser, Sur-
gery, and Foam Sclerotherapy (CLASS) trial, a
large, multicenter, randomized, comparative-
effectiveness trial, to assess quality of life and
cost-effectiveness associated with treatment for
varicose veins at 6 months and 5 years after
treatment.*'”!® Here, we present the 5-year pri-
mary outcomes of the CLASS trial.

METHODS

STUDY OVERSIGHT

This study was conducted according to the pro-
tocol, available with the full text of this article
at NEJM.org.” Approval of the trial for all sites
was obtained from the Scotland A Research Eth-
ics Committee and the Medicines and Healthcare
Products Regulatory Authority. Aberdeen Univer-
sity was responsible for initiation, management,
and financial oversight of the research. The trial
was overseen by a trial steering committee and
an independent data and safety monitoring com-
mittee. Data analysis was performed by statisti-
cians at the Centre for Healthcare Randomized
Trials, University of Aberdeen. The project man-
agement group (see the Supplementary Appen-
dix, available at NEJM.org) assumes responsibil-
ity for the accuracy and completeness of the data
and the fidelity of the trial to the protocol.

PATIENTS

Patients who were eligible for treatment of vari-
cose veins were recruited at 11 vascular surgery
departments in the United Kingdom from No-
vember 2008 through October 2012. Inclusion

criteria were an age of 18 years or older, the
presence of primary symptomatic varicose veins
greater than 3 mm in diameter in one or both
legs, and reflux of the great saphenous or small
saphenous veins of more than 1 second as mea-
sured by duplex ultrasonography. In participants
with varicose veins in both legs, the more severely
affected leg was designated as the study leg.
Exclusion criteria were current deep-vein throm-
bosis, acute superficial-vein thrombosis, and ad-
ditional anatomical and participant factors (listed
in Table S1 in the Supplementary Appendix).
Written informed consent was obtained from all
participants.

RANDOMIZATION AND STUDY TREATMENT

We compared foam sclerotherapy, laser ablation
(with subsequent foam sclerotherapy for residual
varicosities, if necessary), and surgery. Partici-
pants underwent randomization with the use of
a computer-generated randomization system, with
balanced assignment to all treatment options
available at each investigating center within two
strata — stratum A, which included eight hospi-
tals offering all three treatment options; and
stratum B, which included three hospitals offer-
ing treatment only with foam sclerotherapy and
surgery. Randomization was performed with the
use of a minimization algorithm that included
center, age (<50 years or >50 years), sex, reflux
in the great or the small saphenous veins, and
varicose veins in one or both legs. Because of the
nature of the treatment, participants and asses-
sors were aware of the group assignments.

The laser ablation, foam sclerotherapy, and
surgical treatment methods have been described
previously (Table S2 in the Supplementary Ap-
pendix).” Laser ablation was performed, with the
patient under local anesthesia, in a treatment
room in the case of 90.5% of legs treated and in
an operating theater in the case of 9.5%. Surgery
was performed while the patient was under gen-
eral anesthesia in an ambulatory care setting. In
patients with varicose veins in both legs, both
legs were treated with the same method when
possible.

FOLLOW-UP AND OUTCOME MEASURES

Five years after treatment, all participants were
invited to attend a 5-year follow-up clinic appoint-
ment. If they did not attend, they were mailed
participant questionnaires followed by two mailed
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reminders. The medical records of all partici-
pants were reviewed by a trial nurse to deter-
mine the timing and nature of any treatment
the participants received after the initial pro-
cedure.

The primary outcome measures at 5 years
were participant-reported disease-specific quality
of life measured with the Aberdeen Varicose Vein
Questionnaire (AVVQ)??; participant-reported
generic quality of life measured with the Euro-
Qol EQ-5D (EQ-5D) questionnaire?* and the
Medical Outcomes Study 36-Item Short-Form
Health Survey (SF-36)* (physical-component and
mental-component scores); and 5-year model-
based cost-effectiveness calculated as cost per
quality-adjusted life-year (QALY) gained. The
AVVQ consists of 12 questions and a set of man-
nequin legs on which participants are asked to
draw their veins. AVVQ scores range from 0 to
100, with lower scores indicating a better qual-
ity of life. The EQ-5D has five dimensions, and
scores range from —0.594 to 1.000, with higher
scores indicating a better quality of life. The
SF-36 consists of eight domains and yields two
summary scores (the physical component score
and the mental component score), each of which
ranges from 0 to 100, with higher scores indicat-
ing greater well-being. Our previously constructed
Markov model was updated with observed rates
of recurrence and further treatment, and the
cost and utility impact (i.e., the effect of recur-
rence and further treatment on the cost and ef-
fects outcomes) of these events were derived from
the 5-year analysis of individual patient data.'
(Additional details on the Markov model and on
all scales and scores included in this article are
provided in Fig. S1 and Table S3 in the Supple-
mentary Appendix.)

Secondary outcomes were quality of life mea-
sured with the EQ-5D visual-analogue scale (VAS;
scores range from 0 to 100, with higher scores
indicating better health) and the SF-36 domain
scores; trial-based incremental cost-effectiveness,
assessed with the use of data on costs and QALYs
for individual patients; clinical success as mea-
sured by the presence of varicose veins assessed
by the participant and nurse using a VAS that
ranged from O (no varicose veins) to 10 (the
worst varicose veins the patient can imagine)
and the Venous Clinical Severity Score (a score
consisting of nine categories relating to symp-
toms or signs of venous disease and one cate-

gory relating to the use of compression; scores
range from 0 [no venous disease] to 30 [most
severe venous disease]); additional procedures
for treatment of varicose veins and the associ-
ated costs; and participant satisfaction and will-
ingness to repeat and recommend the treatment.
In addition, the effect of the treatments on
truncal-vein ablation, as assessed by duplex ultra-
sonography, was determined in a subgroup of
participants.

STATISTICAL ANALYSIS

We performed intention-to-treat analyses for the
following prespecified comparisons: a compari-
son of foam sclerotherapy with surgery using data
from participants in strata A and B, a compari-
son of laser ablation with surgery using data
from patients in stratum A, and a comparison
of laser ablation with foam sclerotherapy using
data from patients in stratum A. The principal
analyses of the trial were performed when all
participants had completed a 5-year follow-up
and were conducted according to a prespecified
statistical plan (available with the protocol at
NEJM.org), with the use of Stata software, ver-
sion 14 (StataCorp). The study database was
locked on August 15, 2017, before the analyses
were performed.

To determine the treatment effect size, we
compared the groups using general linear models
with adjustments for the minimization covari-
ates and, when possible, with adjustments for
baseline scores on the AVVQ, EQ-5D, SF-36, and
Venous Clinical Severity Score. Mixed models
with a compound-symmetry covariance matrix
and with the center fitted as a random effect
were used to analyze the continuous outcomes.
All the available data were used to estimate ef-
fect sizes and interactions, and any missing data
were assumed to be missing at random. Details
of available interval quality-of-life data are includ-
ed in Table S4 in the Supplementary Appendix.
Sensitivity analyses were performed to compare
the demographic characteristics of patients who
completed the 5-year follow-up with those of
patients who did not complete the 5-year follow-
up.” As an additional sensitivity analysis, multi-
ple imputation with chained equations was per-
formed for the primary quality-of-life outcomes
at 5 years. We analyzed truncal-vein ablation rates
and treatment satisfaction using ordinal logistic
regression.
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Details of the original power calculation were
published previously.’ The initial planned sam-
ple size was 1015 patients but was later revised
to 779 on the basis of results of a review by the
data and safety monitoring committee. The ob-
jective was to have at least 90% power to detect
a difference of 0.25 standard deviation in the
AVVQ score for the comparison of foam sclero-
therapy with surgery at 6 months; this difference
was considered to be clinically significant. The
sample size calculations accounted for an esti-
mated 30% loss to follow-up at 5 years. A statis-
tical significance level of 5% was adjusted to
account for multiple comparisons (P<0.0033) for
primary outcomes. Confidence intervals have
not been adjusted for multiplicity, and therefore
inferences drawn from these intervals may not
be reproducible.

Both the model-based and trial-based eco-
nomic analyses included a three-way comparison
of foam sclerotherapy, surgery, and laser abla-
tion with participant data from stratum A and a
two-way comparison (foam sclerotherapy vs.
surgery) with data from Strata A and B. The
statistical methods for the economic analyses
are provided in Tables S5 and S6 and the text in
the Supplementary Appendix.

RESULTS

PATIENTS AND TREATMENT

We recruited 798 participants, of whom 595
(75%) completed the participant questionnaires
at 5 years, including questionnaires assessing
quality of life, presence of varicose veins, satisfac-
tion with treatment, and further treatment they
had received (Fig. 1). The baseline demographic
and clinical data are shown in Table 1. A sensi-
tivity analysis showed that participants who did
not complete the 5-year follow-up questionnaires
were younger than those who did complete the
questionnaires (mean age, 44.5 years vs. 51.0
years; P<0.001) (Table S7 in the Supplementary
Appendix).

Data on 766 participants (96%) were extract-
ed from case notes. In total, 467 participants
(59%) attended a clinic visit at which a nurse
assessed the secondary outcomes of Venous
Clinical Severity Score and extent of varicose
veins; 389 participants (49%) underwent duplex
ultrasonography, which was performed at seven
centers.

PRIMARY OUTCOMES

Table 2 summarizes results for the four primary
quality-of-life outcome measures. All groups
showed improvement from baseline in quality of
life. The AVVQ scores in the laser ablation and
surgery groups were significantly lower (indicat-
ing better quality of life) than the scores in the
foam sclerotherapy group (effect size for laser
ablation vs. foam sclerotherapy, —2.86; 95% con-
fidence interval [CI], —4.49 to —1.22; P<0.001;
and effect size for surgery vs. foam sclerother-
apy, —2.60; 95% CI, —-3.99 to -1.22; P<0.001). A
sensitivity analysis revealed no significant dif-
ferences in the baseline or 6-month AVVQ scores
between patients who did not complete the
5-year follow-up and those who completed the
5-year follow-up. The other quality-of-life mea-
sures did not differ significantly among the
treatment groups. Sensitivity analyses of the
quality-of-life measures with the use of multiple
imputation with chained equations revealed simi-
lar results. (Also see Tables S8 and S9 in the
Supplementary Appendix.)

The updated Markov model results are shown
in Table 3. In the three-way model-based cost-
effectiveness analysis, laser ablation cost £460
(8654 in U.S. dollars) more than foam sclero-
therapy and generated a nonsignificant gain in
QALYs (0.113), for an incremental cost-effective-
ness ratio of £4,064 ($5,778) per QALY gained.
Surgery cost £289 ($411) more than laser abla-
tion and generated marginally fewer QALYs; as a
result, from a cost-effectiveness standpoint, laser
ablation was deemed to be superior to surgery.
At a threshold willingness-to-pay ratio of £20,000
($28,433) per QALY, 77.2% of the probabilistic
model iterations favored laser ablation (Fig. 2).
Figure S2 in the Supplementary Appendix shows
the uncertainty surrounding the joint incremen-
tal costs and effects for the three-way comparison.

In the two-way comparison of foam sclero-
therapy with surgery, surgery cost an additional
£737 ($1,048) per patient, for a mean QALY gain
of 0.042, resulting in an incremental cost-effec-
tiveness ratio of £17,554 ($24,956) (Table 3).
Figure S3 in the Supplementary Appendix shows
the uncertainty surrounding the joint incremen-
tal costs and effects for the two-way compari-
son. At the willingness-to-pay threshold of
£20,000 ($28,433) per QALY, 54.5% of the model
iterations favored surgery (Fig. S4 in the Supple-
mentary Appendix).
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6592 Patients were assessed for eligibility

2847 Were ineligible
376 Had unknown eligibility status

3369 Patients were eligible

2571 Declined to participate

798 Underwent randomization

212 Were assigned to undergo
laser ablation

292 Were assigned to undergo
foam sclerotherapy

\

2 Were excluded after
randomization

294 Were assigned to undergo surgery

6 Were excluded after
randomization

5 Were excluded after

210 Were included in the trial

203 (97%) Received assigned treatment

286 Were included in the trial
265 (93%) Received assigned treatment

289 Were included in the trial

252 (87%) Received assigned treatment

6-Wk Follow-up

193 (92%) Underwent clinical
assessment
186 (89%) Completed questionnaire
6 (3%) Were withdrawn

6-Wk Follow-up

265 (93%) Underwent clinical
assessment
247 (86%) Completed questionnaire
12 (4%) Were withdrawn

6-Wk Follow-up

251 (87%) Underwent clinical
assessment

29 (10%) Were withdrawn

237 (82%) Completed questionnaire

6-Mo Follow-up

183 (87%) Underwent clinical
assessment
175 (83%) Completed questionnaire
9 (4%) Were withdrawn

6-Mo Follow-up

251 (88%) Underwent clinical
assessment
238 (83%) Completed questionnaire
16 (6%) Were withdrawn

6-Mo Follow-up

236 (82%) Underwent clinical
assessment

33 (11%) Were withdrawn

214 (74%) Completed questionnaire

5-Yr Follow-up

162 (76%) Completed primary
outcome questionnaire
209 (99%) Had medical note review
127 (60%) Underwent clinical
assessment
24 (11%) Were withdrawn
3 (1%) Died

5-Yr Follow-up

219 (75%) Completed primary
outcome questionnaire
279 (96%) Had medical note review
170 (58%) Underwent clinical
assessment
32 (11%) Were withdrawn
5 (29%) Died

5-Yr Follow-up

214 (73%) Completed primary
outcome questionnaire

170 (58%) Underwent clinical
assessment
47 (16%) Were withdrawn
2 (1%) Died

278 (95%) Had medical note review

Figure 1. Screening, Randomization, and Follow-up.

A total of 13 participants (1.6%) were excluded after randomization because they had veins greater than 15 mm in diameter (5 partici-
pants), recurrent varicose veins (3 participants), or coexisting conditions or absence of reflux (5 participants). Participants who were
assigned to treatment with laser ablation or foam sclerotherapy had the option of retreatment with foam sclerotherapy for any residual
varicosities at or after the 6-week follow-up assessment. One site performed concurrent phlebectomies at the time of laser therapy.
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Table 1. Baseline Characteristics of the Study Participants.*

Characteristic
Age —yr
Female sex — no. (%)
Body-mass indexy
Mean
Data missing — no. (%)
Involvement of one leg — no. (%)
Deep-vein thrombosis — no. (%)
History of deep-vein thrombosis
Data missing
Saphenous vein involvement
Great saphenous vein — no. (%)
Widest diameter — mmz:
Reflux above the knee only — no. (%)§
Reflux above and below the knee — no. (%)
Small saphenous vein — no. (%)
Widest diameter — mm
Deep-vein reflux — no. (%)
Presence of deep-vein reflux|
Data missing
CEAP classification — no. (%)**
C,, varicose veins >3 mm in diameter
Cs, edema
Cy, skin and subcutaneous changes

Cs or Cg, skin changes with healed or active venous
ulcer

Data missing

Laser Ablation Foam Sclerotherapy Surgery
Group Group Group
(N=210) (N=286) (N=289)
49.7+14.4 49.0£13.3 49.2+13.7
120 (57.1) 162 (56.6) 163 (56.4)
27.0+4.6 27.1+4.4 27.7+4.7
14 (6.7) 17 (5.9) 28 (9.7)
153 (72.9) 215 (75.2) 196 (67.8)
6 (2.9) 4 (1.4) 9(3.1)

4 (1.9) 2(0.7) 3 (1.0)
182 (86.7) 232 (81.1) 239 (82.7)
9.1£3.1 8.4x2.7 8.7+2.8
151 (96.2) 169 (93.9) 180 (98.4)
6 (3.8) 11 (6.1) 3 (1.6)
14 (6.7) 21 (7.3) 21 (7.3)
7.1£1.7 7.6+£2.2 7.7£3.3
28 (13.3) 47 (16.4) 25 (8.7
6 (2.9) 6 (2.1) 8 (2.8)
113 (54.1) 169 (59.1) 147 (51.2)
28 (13.4) 35 (12.2) 39 (13.6)
56 (26.8) 74 (25.9) 90 (31.4)
12 (5.7) 8 (2.8) 11 (3.8)
1(0.5) 2(0.7)

* Plus—minus values are means +SD. CEAP denotes clinical, etiologic, anatomical, and pathophysiological.

A

group minus those for whom data are missing.

The body-mass index is the weight in kilograms divided by the square of the height in meters.
P=0.008 for the comparison between the laser ablation group and the foam sclerotherapy group.
The percentages are based on the total numbers of participants with great saphenous vein involvement.
P=0.02 for the comparison between the foam sclerotherapy group and the surgery group.
P=0.006 for the comparison between the foam sclerotherapy group and the surgery group.
* The percentages for the individual classifications are based on the total number of participants in each treatment

SECONDARY OUTCOMES
There were no major differences between groups
in SF-36 subscales or EQ-5D VAS scores. With
regard to patient satisfaction, the majority of par-
ticipants were willing to repeat the same treat-
ment and to recommend the treatment they had
received to a friend (Tables S10 and S11 in the
Supplementary Appendix).

At 5 years, 58% of the patients who had under-

gone laser ablation, 54% who had undergone
surgery, and 47% who had undergone foam
sclerotherapy reported having no varicose veins
(odds ratio for foam sclerotherapy vs. laser abla-
tion, 0.59; 95% CI, 0.41 to 0.85). Overall, 11% of
the patients in the laser ablation group, 14%
in the foam sclerotherapy group, and 7% in the
surgery group had further treatment.

The mean (£SD) extent of varicose veins as
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The comparison between the foam sclerotherapy group and the surgery group includes participants from strata A and B; the comparisons between the surgery group and the laser

ablation group and between the foam sclerotherapy group and the laser ablation group include participants from stratum A only.

Scores on the AVVQ range from 0 to 100, with lower scores indicating a better quality of life.

and Venous Clinical Severity Score. Mixed models with a compound-symmetry covariance matrix and with the center fitted as a random effect were used to analyze the continuous
9 The marginal effect is the average effect of the intervention across all time points for which outcome data are reported.

Treatment effect size was determined by comparing groups using general linear models with adjustments for the minimization covariates and, when possible, with adjustments for
baseline scores on the Aberdeen Varicose Vein Questionnaire (AVVQ), EuroQol EQ-5D questionnaire (EQ-5D), Medical Outcomes Study 36-ltem Short-Form Health Survey (SF-36),
outcomes. All the available data were used to estimate effect sizes and interactions, and any missing data were assumed to be missing at random.

Plus—minus values are means +SD.
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FIVE-YEAR OUTCOMES OF TREATMENTS FOR VARICOSE VEINS

determined by the participant-reported VAS score
was 2.6x£2.2 with laser ablation, 3.2+2.5 with
foam sclerotherapy, and 2.4+2.3 with surgery
(effect size for laser ablation vs. foam sclero-
therapy, —0.79; 95% CI, —1.24 to —0.34; and for
surgery vs. foam sclerotherapy, —0.74; 95% CI,
-1.12 to —0.36). Similar scores were noted for
the nurse-reported VAS scores. Venous Clinical
Severity Score assessments were better at 5 years
than at baseline in all three groups. The rates of
complete success with respect to truncal-vein
ablation at 5 years were 64.0% with laser abla-
tion, 33.3% with foam sclerotherapy, and 75.9%
with surgery. (Additional details on effect sizes
are provided in Tables S12 and S13 in the Sup-
plementary Appendix.)

The individual patient cost and utility data for
the three-way analysis and two-way analysis, per-
formed according to the intention-to-treat prin-
ciple, are summarized in Tables S14 and S15,
respectively, in the Supplementary Appendix. In
the adjusted trial-data—based cost-effectiveness
analysis, treatment with laser ablation had the
highest chance (71.6%) of being cost-effective in
the three-way comparison, at a ceiling willing-
ness-to-pay ratio of £20,000 ($28,433) per QALY
gained. In the two-way comparison, the incre-
mental cost-effectiveness ratio for surgery as com-
pared with foam sclerotherapy was below the
willingness-to-pay threshold of £20,000 ($28,433)
per QALY gained in 83.3% of the bootstrapped
samples (Table S16 in the Supplementary Ap-
pendix). There were no significant differences in
QALYs among the treatment methods.

DISCUSSION

In this large, multicenter trial comparing sur-
gery, laser ablation, and foam sclerotherapy for
the treatment of primary varicose veins, quality
of life was better at 5 years than at baseline in
all groups. Five years after treatment, there were
significant differences between the treatments
with respect to disease-specific quality of life.
The AVVQ scores were better among participants
treated with laser ablation or surgery than
among those treated with foam sclerotherapy,
with effect sizes of 2.86 and 2.60, respectively.
Quality of life was similar in the laser ablation
and surgery groups. The 5-year cost-effective
analyses were generally in keeping with our pre-
viously reported model-based estimates — name-

100, with higher scores indicating greater well-being.

P<0.001.

17 The SF-36 physical component summary (PCS) and mental component summary (MCS) each consists of the sum of four individual domains; each summary score ranges from 0 to

“* Scores on the EQ-5D questionnaire range from -0.594 to 1, with higher scores indicating a better quality of life.

s
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Table 3. Model-Based Incremental Cost-Effectiveness Results over a 5-Year Period.*

Mean Incremental QALYs
(2.5th to 97.5th Percentile)}

Mean

Probability of Cost-Effectiveness::

ICER

QALYs

Incremental Cost

Mean Cost

Model-Based Analysis

percent at

percent at

mean GBP (2.5th to 97.5th

£20,000 £30,000

GBP (USD)

percentile) [USD]

GBP (USD)

Three-way

14.1

16.4

4.002

777 (1,105)
1,237 (1,759)
1,527 (2,171)

Foam sclerotherapy

77.2 77.8

4,064 (5,778)

0.113 (~0.083 to 0.308)
~0.059 (~0.180 to 0.063)

4.116

4.057

460 (269 to 650) [654]

Laser ablation

8.1

6.4

Dominated§

289 (67 to 508) [411]

Surgery

Two-way

35.6
64.5

therapy with surgery.

45.5
5

4.041
4.083 0.042 (-0.050 to 0.133) 17,554 (24,956)

737 (557 to 915) [1,048]

750 (1,066)
1,487 (2,114)

Foam sclerotherapy

Surgery
GBP denotes British pound sterling, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, and USD U.S. dollar.

i Shown are 2.5th and 97.5th percentiles of 10,000 Monte Carlo simulations of the incremental costs and effects.
i Values are the proportion of simulated incremental costs and effects favoring each treatment at the incremental cost-effectiveness thresholds of £20,000 and £30,000 per QALY gained.

§ Surgery was deemed to be dominated (i.e., less effective and more costly than laser ablation).

* Costs were converted to U.S. dollars using the Organization for Economic Cooperation and Development (OECD) purchasing power parities for 2017 (£0.703402 equivalent to U.S. $1).
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ly, laser ablation performed under a local anes-
thetic in a treatment-room setting had a 77%
probability of being cost-effective up to a will-
ingness-to-pay maximum of £20,000 ($28,433).
There was considerable uncertainty in the two-
way cost-effective analysis comparing foam sclero-

One previous, smaller study showed that at
5 years after treatment there was greater im-
provement in disease-specific quality of life (a
secondary outcome) among patients treated with
laser ablation than among those treated with
foam sclerotherapy, but no difference in disease-
specific quality of life was observed between
patients who underwent foam sclerotherapy and
those who underwent surgery.’® The differences
in quality of life observed in our study are likely
to relate to the fact that the presence and extent
of varicose veins at 5 years were less in the laser
ablation and surgery groups than in the foam
sclerotherapy group, because disease-specific
quality of life has previously been shown to be
worse among patients who have recurrent disease
than among those who do not.”® At 5 years, the
presence of varicose veins after laser ablation as
reported by the participants in this study was
similar to the clinician-reported presence of vari-
cose veins in two other studies''; in contrast,
marginally fewer patients in this study who under-
went surgery reported varicose veins at 5 years
than the clinician-reported percentage (54%) in
the two other studies.’*™ The observed percent-
age of patients with successful truncal-vein abla-
tion was higher among patients treated with laser
ablation and surgery than among those treated
with foam sclerotherapy, a finding that is consis-
tent with results in other studies.’®*”?® It should
be noted that patient satisfaction was high,
which may partly explain the lower reinterven-
tion rates in this trial than in other trials.’**
Whether restrictions on treatment for varicose
veins within the National Health Service influ-
enced retreatment rates is unclear.

The primary Markov model and the trial-data—
based analysis both showed laser ablation to be
favored on the basis of cost-effectiveness. De-
spite a higher-than-predicted presence of vari-
cose veins at 5 years (42% after laser ablation, vs.
29% predicted; 46% after surgery, vs. 37% pre-
dicted; and 53% after foam sclerotherapy, vs.
40% predicted) and a lower reintervention rate,
our results are generally in keeping with our
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previously reported model-based estimates de-
rived from an existing network meta-analysis of
trials.’”!® This previous meta-analysis included
eight trials, the majority of which had less than
3 years of follow-up.* Other Markov models
have also shown laser ablation to have the high-
est chance of being cost-effective,**3 whereas one
has favored foam sclerotherapy.>> The model-
based two-way comparison indicated that sur-
gery cost considerably more than foam sclero-
therapy and generated a small, nonsignificant
QALY gain. The magnitude of the QALY gain
was sensitive to the analysis method, in that it
was larger in the two-way trial-data—based analy-
sis than in the three-way analysis, although it
was still nonsignificant in the two-way analysis.
The larger QALY gain in the two-way analysis as
compared with the three-way analysis is partly
explained by more unrelated deaths occurring in
the foam sclerotherapy group during follow-up.

Limitations of our study include the lack of
a sham procedure and the fact that patients and
assessors were aware of the treatments. There was
a substantial amount of missing data at 5 years,
although the response rate with respect to
participant-reported outcomes was higher than
anticipated.

In summary, this large, multicenter trial com-
paring the clinical effectiveness of laser ablation,
foam sclerotherapy, and surgery for the treatment
of varicose veins showed that in all three groups,
quality of life 5 years after treatment was im-
proved from baseline. However, there were clin-
ically important between-group differences in
disease-specific quality of life that favored laser
ablation and surgery over foam sclerotherapy.
Laser ablation was similar to surgery with respect
to quality of life and of the three treatments had
the highest chance of being cost-effective.

The views and opinions expressed are those of the authors
and not necessarily those of the National Institute for Health
Research (NIHR) or the Department of Health and Social Care.
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Figure 2. Markov-Model-Based Analysis of the Cost-Effectiveness
of the Three Treatments at 5 Years.

Costs were converted to U.S. dollars with the use of the Organization for
Economic Cooperation and Development (OECD) purchasing power parities
for 2017 (£0.703402 equivalent to $1). With this conversion, the equivalent
value for £10,000 is $14,217; for £20,000 is $28,433; for £30,000 is $42,650;
for £40,000 is $56,867; and for £50,000 is $71,083. More information about
purchasing power parities is available at www.oecd.org/sdd/purchasing
powerparitiespppsdata.htm.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

Supported by the NIHR Health Technology Assessment Pro-
gram (Project number 06/45/02). The Health Services Research
Unit is core-funded by the Chief Scientist Office of the Scottish
Government Health and Social Care Directorate.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Janice Cruden for secretarial support and data man-
agement; Gladys McPherson, Mark Forrest, and the program-
ming team at the Centre for Healthcare Randomized Trials;
members of the Project Management Group for ongoing advice
and support of the trial; the independent members of the trial
steering committee and data and safety monitoring committee;
and the staff at recruitment sites who facilitated recruitment,
treatment, and follow-up of trial participants.

APPENDIX

The authors’ affiliations are as follows: the Institute of Cardiovascular Research, University of Glasgow (J.B.), and the Institute of Ap-
plied Health Research, Nursing, Midwifery, and Allied Health Professions Research Unit, Glasgow Caledonian University (A.E.),
Glasgow, the Health Services Research Unit (D.C., S.C.C., G.M., C.R.R., M.K.C.) and the Health Economics Research Unit (M.D., G.S.,
E.T.), University of Aberdeen, and the Department of Vascular Surgery, NHS Grampian, Aberdeen Royal Infirmary (P.B.), Aberdeen, the
Edinburgh Clinical Trials Unit, University of Edinburgh, Edinburgh (J.N.), the School of Medicine, Medical and Biological Sciences,
University of St. Andrews, St. Andrews (J.M.B.), the Department of Vascular Surgery, Royal Devon and Exeter Hospital, Exeter (B.C.),
the Department of Vascular Surgery, Hull Royal Infirmary, Hull (I.C.), the School of Surgery, University of Leeds (M.G.), and Vascular
Surgery, St. James University Hospital (J.S.), Leeds, Vascular Surgery, Gloucestershire Royal Hospital, Gloucester (J.E.), Vascular Sur-
gery, Freeman Hospital, Newcastle upon Tyne (T.L.), the Vascular Surgical Unit, Royal Bournemouth Hospital, Bournemouth (S.A.B.),
and the School of Health Sciences, City University of London, London (J.F.) — all in the United Kingdom.

N ENGL ) MED 381;10

NEJM.ORG

SEPTEMBER 5, 2019

921



922

FIVE-YEAR OUTCOMES OF TREATMENTS FOR VARICOSE VEINS

REFERENCES

1. Biemans AAM, Kockaert M, Akkersdijk
GD, et al. Comparing endovenous laser ab-
lation, foam sclerotherapy, and conven-
tional surgery for great saphenous varicose
veins. J Vasc Surg 2013;58(3):727-34.e1.

2. Samuel N, Carradice D, Wallace T,
Mekako A, Hatfield J, Chetter I. Random-
ized clinical trial of endovenous laser
ablation versus conventional surgery for
small saphenous varicose veins. Ann Surg
2013;257:419-26.

3. Rass K, Frings N, Glowacki P, et al.
Comparable effectiveness of endovenous
laser ablation and high ligation with
stripping of the great saphenous vein:
two-year results of a randomized clinical
trial (RELACS study). Arch Dermatol 2012;
148:49-58.

4. Carradice D, Mekako AI, Mazari FAK,
Samuel N, Hatfield J, Chetter IC. Random-
ized clinical trial of endovenous laser ab-
lation compared with conventional sur-
gery for great saphenous varicose veins.
BrJ Surg 2011;98:501-10.

5. Rasmussen LH, Lawaetz M, Bjoern L,
Vennits B, Blemings A, Eklof B. Random-
ized clinical trial comparing endovenous
laser ablation, radiofrequency ablation,
foam sclerotherapy and surgical stripping
for great saphenous varicose veins. Br J
Surg 2011;98:1079-87.

6. Darwood RJ, Theivacumar N, Della-
grammaticas D, Mavor AI, Gough MJ.
Randomized clinical trial comparing en-
dovenous laser ablation with surgery for
the treatment of primary great saphenous
varicose veins. BrJ Surg 2008;95:294-301.
7. Lattimer CR, Azzam M, Kalodiki E,
Shawish E, Trueman P, Geroulakos G.
Cost and effectiveness of laser with phle-
bectomies compared with foam sclerother-
apy in superficial venous insufficiency:
early results of a randomised controlled
trial. Eur J Vasc Endovasc Surg 2012;43:
594-600.

8. Shadid N, Ceulen R, Nelemans P, et al.
Randomized clinical trial of ultrasound-
guided foam sclerotherapy versus surgery
for the incompetent great saphenous vein.
BrJ Surg 2012;99:1062-70.

9. Brittenden J, Cotton SC, Elders A, et al.
A randomized trial comparing treatments
for varicose veins. N Engl J Med 2014;371:
1218-27.

10. Christenson JT, Gueddi S, Gemayel G,
Bounameaux H. Prospective randomized
trial comparing endovenous laser ablation
and surgery for treatment of primary
great saphenous varicose veins with a 2-
year follow-up. J Vasc Surg 2010;52:1234-41.
11. Rasmussen LH, Bjoern L, Lawaetz M,
Lawaetz B, Blemings A, EkI6f B. Ran-

N ENGLJ MED 381,10 NEJM.ORG

domised clinical trial comparing endove-
nous laser ablation with stripping of the
great saphenous vein: clinical outcome
and recurrence after 2 years. Eur J Vasc
Endovasc Surg 2010;39:630-5.

12. Rasmussen L, Lawaetz M, Serup J, et al.
Randomized clinical trial comparing en-
dovenous laser ablation, radiofrequency
ablation, foam sclerotherapy, and surgical
stripping for great saphenous varicose
veins with 3-year follow-up. J Vasc Surg
Venous Lymphat Disord 2013;1:349-56.
13. Gauw SA, Lawson JA, van Vlijmen-van
Keulen CJ, Pronk P, Gaastra MT, Mooij
MC. Five-year follow-up of a randomized,
controlled trial comparing saphenofemo-
ral ligation and stripping of the great
saphenous vein with endovenous laser
ablation (980 nm) using local tumescent
anesthesia. J Vasc Surg 2016;63:420-8.

14. Rass K, Frings N, Glowacki P, Griber
S, Tilgen W, Vogt T. Same site recurrence
is more frequent after endovenous laser
ablation compared with high ligation and
stripping of the great saphenous vein:
5 year results of a randomized clinical
trial (RELACS). Eur J Vasc Endovasc Surg
2015;50:648-56.

15. Rasmussen L, Lawaetz M, Bjoern L,
Blemings A, Eklof B. Randomized clinical
trial comparing endovenous laser ablation
and stripping of the great saphenous vein
with clinical and duplex outcome after
5 years. J Vasc Surg 2013;58:421-6.

16. van der Velden SK, Biemans AA, De
Maeseneer MG, et al. Five-year results of
a randomized clinical trial of conventional
surgery, endovenous laser ablation and
ultrasound-guided foam sclerotherapy in
patients with great saphenous varicose
veins. BrJ Surg 2015;102:1184-94.

17. Tassie E, Scotland G, Brittenden J, et al.
Cost-effectiveness of ultrasound guided
foam sclerotherapy, endovenous laser ab-
lation or surgery as treatment for primary
varicose veins from the randomized CLASS
trial. Br J Surg 2014;101:1532-40.

18. Brittenden J, Cotton SC, Elders A, et al.
Clinical effectiveness and cost-effective-
ness of foam sclerotherapy, endovenous
laser ablation and surgery for varicose
veins: results from the Comparison of
LAser, Surgery and foam Sclerotherapy
(CLASS) randomised controlled trial.
Health Technol Assess 2015;19:1-342.

19. Garratt AM, Macdonald LM, Ruta DA,
Russell IT, Buckingham JK, Krukowski
ZH. Towards measurement of outcome
for patients with varicose veins. Qual
Health Care 1993;2:5-10.

20. Smith JJ, Garratt AM, Guest M, Green-
halgh RM, Davies AH. Evaluating and

improving health-related quality of life in
patients with varicose veins. J Vasc Surg
1999;30:710-9.

21. Garratt AM, Ruta DA, Abdalla MI,
Russell IT. Responsiveness of the SF-36
and a condition-specific measure of health
for patients with varicose veins. Qual Life
Res 1996;5:223-34.

22. Klem TM, Sybrandy JE, Wittens CH,
Essink Bot ML. Reliability and validity of
the Dutch translated Aberdeen Varicose
Vein Questionnaire. Eur J Vasc Endovasc
Surg 2009;37:232-8.

23. EQ-5D. Rotterdam, the Netherlands:
EuroQol (http://www.euroqol.org/).

24, SF-36 Health Survey update (http://
www.clintools.com/victims/resources/
assessment/health/sf36.html).

25. White IR, Horton NJ, Carpenter J, Po-
cock §J. Strategy for intention to treat
analysis in randomised trials with miss-
ing outcome data. BMJ 2011;342:d40.

26. Beresford T, Smith JJ, Brown L, Green-
halgh RM, Davies AH. A comparison of
health-related quality of life of patients
with primary and recurrent varicose veins.
Phlebology 2003;18:35-7.

27. Vihdaho S, Halmesmaki K, Albdck A,
Saarinen E, Venermo M. Five-year follow-
up of a randomized clinical trial compar-
ing open surgery, foam sclerotherapy and
endovenous laser ablation for great saphe-
nous varicose veins. Br J Surg 2018;105:
686-91.

28. Lawaetz M, Serup J, Lawaetz B, et al.
Comparison of endovenous ablation tech-
niques, foam sclerotherapy and surgical
stripping for great saphenous varicose
veins: extended 5-year follow-up of a RCT.
Int Angiol 2017;36:281-8.

29. Varicose veins: diagnosis and man-
agement — clinical guideline CG168.
London: National Institute for Health and
Care Excellence, July 2013 (http://guidance
.nice.org.uk/CG168).

30. Marsden G, Perry M, Bradbury A, et al.
A cost-effectiveness analysis of surgery,
endothermal ablation, ultrasound-guided
foam sclerotherapy and compression stock-
ings for symptomatic varicose veins. EurJ
Vasc Endovasc Surg 2015;50:794-801.

31. Gohel MS, Epstein DM, Davies AH.
Cost-effectiveness of traditional and endo-
venous treatments for varicose veins. Br J
Surg 2010;97:1815-23.

32. Carroll C, Hummel S, Leaviss J, et al.
Clinical effectiveness and cost-effective-
ness of minimally invasive techniques to
manage varicose veins: a systematic re-
view and economic evaluation. Health
Technol Assess 2013;17:1-141.

Copyright © 2019 Massachusetts Medical Society.

SEPTEMBER 5, 2019



